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EUPaPAlSCHE NORM EN ISO 3219 

EUROPEAN GTANOARD 

NORME EUROP^ENNE August 1994 



DK 67a6/7: 532.13 

Deskrtptoren: Kunststoft Rilymar, Harz, PNftfunfli B«stlmmung, VidkOdft^ 



Dautedia Fasatino 



KUllHltOfM 

Polymara/Harze In f lUssigem, emulgiertem 
Oder dfspergiertem Zustand 

deflnlMtem GsBchwJndlokeUsgBfSila 
(ISO 3219 ; 10eS) 



PlasUc« ^ Pbtym6rs/rB8in4 in th^ liquid 
state or as eniutsions or dlsperdons — 
DflrtsrmmatiDn of viscosity usvig a ratatko- 
nal vfscomoter wtth dfiflnAd fih«ar rate 
(ISO 3219:1993) 



Uquide, en taiulslon ou en dispersion — 
D6termtnatton de ta ^ocosJtft «u moyen 
d'un vlwomMre rotetif A gradient do vltesse 
dfr cisatttamdnt ddflnl (ISO 3218 : 1993) 



DIese Europfllsctie Norm wunle von CEN am 1994-08-22 angdnomrnen. 
Die CEN-MRgfiedor eind gehalten. die CEN/CENELEC-Gesch^flsordming zu erfPHaa In 
der die Bedlngungen feetgoiegt eind. unter denen dieser Europfllschen Norm ohne Jede 
Anderwfl der stalv« einer netlonaien Norm zm geben i«t 

Auf dem letzten Stand tierin^chs Usten diaser nationalan Norman mit ihran blbUogra- 
phischen Angatran aind balm CEN-Z^nt raise kretarlat oder bal Jedam CEN-MJtglfad auf 
Anfrage erhaltllcti. 

Diase Europftische Norm hesteht In duel offlzleUBn Fafisimgen {Dautscti, CngUsch, Fran- 
zAslach). EIne Fasaung In atnar ande/^n Spr^che, dia von ^nam CEN-Mltflliad In algenar 
Ver^ntwortung durch Ubar&etzung In seine L^ndessprscha gemacht und dam Zentral- 
sekraiariat mttgsteiit wonten 1st, het den gieichen stetua wEa die offiirielien Fsssunsen. 
CEN-Mltgiiadar sind die nationalan Normunsslnvtltute von Belgian, DSnemark, Oautsch- 
land, PInniand, Frankrelch, Griechenland, Irland, Island, ItaNen, Luxemburg, Nfederlande, 
Norwegen, Osterrelcb, Portugal, Schweden. Schwelx, Spanlen und dem Verelnlgten Kdnlg- 
retch. 




EUROPAISCHES KOMPTEE NORMUNG 
European Committee for Standcuxfteatton 
Com)t6 European da Nonnallsation 

Zenlraleelmtariat: rue d» Stsssart 36| B-1050 Br^lml 



^ Dae CopyrlOht Idt den CEN-MltOliedern vorbehalten. 
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EN ISO 321B:19M 

Diese Eufopfiischo Morm WUftle vom CEN/TC 139 "Lacto und AnstriiSha*Ofte* aU8 d^r Arbeit das JSO/TC 61 "RaatlcaT der 
"Intemallonal OrHdrti^atton for St^ndaidizati n" (ISO) Utwrnomman. 

Diede EuropMische Norm muB dan Status ein r naitonaten N rm ^rhaiterventwederdurcft VBroffentliiaiurKI Ineo Wofrtlwhon 
Texted odor durch Anerkennung bla Febniar und etwalflo ontBeaensrtehondo netlonale Nornien mdMon bla Fobru^r 
IddS zurUckaszogen werden, 

Enteprechend der CEN/OENEUEC-Geschafteordnung sind folgendo uSnder 9*t*alten, diase Europa»ache Morm zu iiber- 

BelQfon, Mnamark. Deutechlind. Rnntend. Rankroicb, Griechanland. Irland, Island, ttauen. Luxomburo, Ntedertande. Nor- 
wQOon. 0«tarr»ich, Portugal, &ch¥v«don, Schwelz, Spanlen und das Varelnlgte Ki^lgreich. 

Amrkttrtrtungsnotiz 

Dar Text dor IntornaUanaten Norm ISO 3213 : 1993 wurde von CEN ohna IrgendeirtO Abfindorunfl flenahmigt. 



1 Anwandungtbvrelch 

Diese Irttamatlonale Norm loot dio aVgamalnsn Grund- 
sgtze oinos Vorfahrans f Or die Messung dar Viskositat von 
Polymeran und Harzan in lUififiigom. emul9fait»m odar 
dispargiartem Zustand (atnwhBaBKch Ptolymenllspersionan) 
bsi einem deflnlerten G«schwindlOKOltdgof£Ulo mli HUfa 
eLnas Rotationsvtakoslmet«rs mft Standardgeometrle feat 
Dutch ViskQsriatftmoflSungon n^ch dieser Norm wird das 
Vorh9ttnl$ zwlscti«n Schubspannung und Qe^chwindlo- 
keltsgefftjla bestimmt. Die Ergebnls^o. dta mil veracMede- 
nen fier^ton nach diasar Norm erhalten WBrd«n, aind var- 
glfllchbar und bezlehart sich sowotil auf goac^windlfikAitsr 
als auch auf dohubspannungsgesteuerte Gerate, 

2 Normatlvo Vaiwaiaungen 

Die fblgonden Norman anthalidrt FedtJegungen. dio, durch 
Hinwaiae in dte&em Toxt Ba«tandtflil dleser tnternatlonalen 
Norm «iiid. Zum Zeitpunkt dar VaroffentUChiing waron dIO 
angegebenan Ausgaben gOttiQ. Alio Norman unterliegen In 
ragelm^aigen Abstandon der UbarprDfiuig, und PartelOrt. 
deren Varelnbarufigen auf dioser Intamallonalen Norm 
Daslerar). sInd gahalton, die M0gllchk»lt d«r Anwandung 
der neuesten Ausgaban oor nachfolgond aufgaftihriAn 
Normon an^uweodon. Die Mitgitedor der 1EC und der ISO 
vBTfCigen iibar aktualie Verzeichniede der giJItlgon Irvtema- 
tionaim Normen. 

ISO 291:1677 

Plastics - Standard atmospheres for oondftioning 9nd 
testing 

3 Prinzip 

Die Viskositat alnar flu^digen Rrobo wird mit einem Rota- 
tionsvistcosimeter mit definlerten Gerateparamatarh ga- 
messen. Das Rotatlonsviskosimeter gestattot die glaic^zai- 
tige Me»8uns dee GeschwindiQieellsgofSllefl und der 
Schubapannuna 

Die VisKoatt^t ^ M dMi^ die fotgende Glelchung definiart: 




Hiarin bedeuten: 

T Schubspannung; 

y Ge^hwlndiglceltsgemie. 

Nach d«n Internationalen Einhaitenayatem {Si> Isl die Eln- 
heit der dynamischen VIskosltttt die PasoalsekuraSe (Pa -e>: 

1 Pa-s^l N- ft/m? 

ANMERKUNG 1: Die f^melzeichOfl etimmon mit 
ISO : 1992; Qr63en und Einhelten - TbH 3: 
Mechanik, Uberein, 



ANIMERKUNG^: H&ngt die VIskositMt von dem Ge- 
e<^wlndiflkettsgaf&lla ab, bel dem die Massung 
dufchgafUhrt wird, d. h. i? t(p), dann sprlcht man 
von nloht-newtonschem Vertialten der HQ3aigka!t. 
aeJ Flusslgkelten, daren viskodiidt unabhftnglg vom 
Gasohwlndigkoltsoof^lla ist, sprlcht man von now- 
tonschem Varhalten. 

4 Gerat 

4.1 RotfltloniwlslHMilinalar 

4.1.1 MeBeyefeam 

Daa MeBsyetem muS aus 2wel fasten, symmatri^V^en UAd 
koaxialen prftchen bestefien. zvi^&ctien die die FIQssigkelt 
gebraetit wM deran Viskosftat zu messen isl Eine dSaaer 
Rachen muB mit konstanter wlnkelgeachwindlolceit rotie- 
ren (Rvtor). wShrend die andere feet ateht (Stator). Das 
Mefisystem muB so beschaffan aein, dafi dae Geschwindla- 
keltsge^ie fur jede Meesung be^tlmmt warden kann. 
Mtt elner der Ft&chen muS eIne MeSvordclitung fiir das 
Prehmomant varbunden sein, so daB dasjenigG Dfehmo- 
ment ermUtait weixieit kann, bel dem der Ralbungswider' 
stand der Figsslgkelt ubenvunden wird. 
Geeignete MeBsysteme sind unter ondaram Sysleme mit 
koaxialen Zyiindem oder Kegel/ Ptatie-3y«teme- 
Die Abmessungan dea MeBayBteme mftesen so tostgelegt 
sein, dad ele die in dan Anhfingen A und B fastgelaglen Be- 
dingungen erfOIIen. LstztOfO eind OO gewShlt; daB f Or alia 
Arren von Messungen und alio Oblichan GnindtypOn von 
VIskoalmetem ein geometriach dhniiche? FlieBfald sicher- 
gesteilt wird, 

4.1^ Gnindverftt 

Das Grundgeittt muB so gebaut sain, da8 ea verachlodeno 
RotDr/Stator-Sy&tomo aufnehmMi^elnon Beraicti von defi- 
nlerten Drali2ahlen (In Stufen odar stufeniod) erzougen 
und das sk:h amebende Drehmoment (odar alternatlv bei 
vor(ye£|ebenem Drehmomant die sich ergebende Drebzahl) 
messen kann. 

Pie Genaulgkell der Dretimomalnlmasiiung muB ^ 2 % doa 
MaBbareitihaendwe^a, die der Drehzahtmessung im nor- 
malen Arbeitsberelc^ dea Gertttes ^2% dea iMeBwertes 
batiBgen. Die wiedornoibarkeit der Vlakositatsmeseiing 
rvMid ± 2%«e1iv 

ANMERKUNG 3: Die meislen handelaObUchen Ge- 
rite umfaasen aufgrund varscliiedenar Meday- 
stame und Drebz&hien mindeatens wen Viskosi- 
tatsb«relch von 10^ P* - » bis lO^ Pa * a. 
Der Beretoh der Ge«cbwlndlgkertggel&lfe unterschefdat 
sIch stark jo nai^ Garttt Watches Gnindddrftt und wetdie^ 
MaBsystam zu wllhlen slnd, hftngt von den zu meae nd n 
VIsKosltilen und GeschwIndtgkaitSgemiien ab. 
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4^ V^rrfditunfi £ur Tofnpemtiirfegehino 

Die T»mpei«tur d©r B3(JflQsiilflk^ Im Krolstouf oddr did 
TomDoraturder elektrlstrfi tehei^ert WSnde mu© In einem 
Berelch von 0*C bift 50*C auf ± [U*C konstent BBhalteii 
wettton und auBerhato dieses Tempwaturberoicshas auf 
± O.S"CX 

Engere Toleranzen (z.B. ± 0.1*0) kflnnen fur gertauoro 
Mo^sungen erfofderllcti aair^ 

4^ thaimomeler 

Di6 Genau*okait das Tharmomaters muB ± OX)B*C batra- 

5 Piobenahme 

Dad VOftahwn dar Probenahmo einsChliaBUch Spezlallar 
Varfahren zurVorberailung dar Proban und zum FQIten das 
Viskosimetaro mQssan der» Featlegungan In der Prdfnorm 
fOr das fewailiga Produkt anteprachan^ 
□la Proban durffert kainerlal siqhlbara Verunrelntflungan 
Ddar Luftbla&an enthaltan. 

Wann di» Proban hygroskopisch sind Odar rtUchtlge Ba- 
standtella enthaHen. mOasan dia ProbangeffiBe dl<Jt ver- 
schlOddan warden, urn Auawfrkungen auf dia Vl6K0sre*t 
mdgliChftt kleln zu Ivalten, 

6 Pliifbedlngungen 
«.1 Kallbilerurtg 

DiaViskOSimatarmUssen regalm&BIg kaHbrierlwardan.2.B. 
durch Bk/les&ung der Drehmomentcharakleristfk odar mtt 
StanddrdfiuWigkelten (Nawtonsbhe FIOsslokBton) 
kannterViakosit&tWtonn beim MaooandorSfcandaidflOssig- 
katt die Aa$glaich«flerada durch die MaBpunkte im Rah- 
man dar MaBganauigkait nioht duroh dan KocwdiTOt^nnuH- 
punkt geht. mOww Varfahren und Gerai entsprechand 
den Angafaan das HerataUara ganauar gapr<ift werden^ 
Die Viskosittttan dar Standardf luddiQkaltan und dar zu raas- 
sandan PrDbe(n) mUMan Ira glalchan Berelch llagan. 

8.2 PtuftMnpemtur 

WaM dia Vlskosttat tempaiaturabn&^gig Isi, muB fOr \ter- 
glelchsxwBcka bai dar glalchan Tampamtur gemessen war- 
dan FOr M^ssungen baJ Raunrtampaiatur wlid vorzufls- 
waise elnaTompcralurVOn (23.0 ± 0»2>'C gawahlt. 
Weltera enzattiaitan mOooan dan F93tlagunflen In der PfUI- 
norm rUr das Jawalllga Produkt entaprechah. 

ANMEftKUNG 4: Wdhrend dar MMSung enteteht 
In der Probe Warma. Bal nawtonsohan HGosigkelten 
untar adiaballschen Prafbadlngungan erglbt &ich 
eine WirmaairtwicWung erttsprechand 7 -j^ (W/m^). 
Ea rasutllert aina TOTPeraturarhtthung der Proba. 

6^ Vltahl de« GmchwindlokAitatteffillM 

Das QaechwlndlgkaitsgalaUe muB den Faotlagunoan In dar 
PrUfnorm tQr da* Jawaingo Produkt entsprechan. 
E9 tet vortaUhaft alia nawtonschan P*odukte und Ddfion- 
dars nteht-nawtonftche Produkta ml* magUchst vlalen un- 
tarschiadlichan Geschwlndiakeltogefailen (fnfrtdaatana 4) 
zu massan. Dies hSngt wn dan Bnetal1m<>gllchkaltan odar 
Pragr^mman fQr die Drahzahl (brw- da» Drahmommt bei 
schutyvpannuAQfigafegalten G rg*an) daa varvrandaten 
Grundgartitas ab. Oamlt dia Viskoaltat aia FunkUon dea Ge- 
dchwindlgkait8B««n » auBsagakraWg aufgazai(*nat wor- 
den kann, mOssan die varwendoten GaechwlndiflkaltagB- 
f&Ue «tark untarschladKch sain. 



FUr don Varglalch von viskosltAuwartan, die m\X uniBf- 
schledOchan Garfitan armltteft wurden. soUten die Ge- 
schwindlgkeHsgaffiJia aus elnarderfoigendBn Raihan au$- 
gewShtt warden: 

1,00 8-' - ZSO ^ WOa-* - - 40^8-1 - 100 s-^ - 

250 «ri 

Oder 

1^a-i -2;50s-^ -5,00s-^ -lOO)*-^ -StW)r-^ -50,0sri - 

^^^^ ^1 t 

bzw. diBsa Warta mK IOO muiiiplizlart oder durch 100 divl- 

diart. 

Wann ain Qrundgarfit dia Wahl didflar Werta nicht zulafil. 
mOssan dieae Werta fOr da& Ga?chwindlgkeltflgeiai1a au* 
dar ViekocltStskurvB ausgawfihit warden. 
Man miBi nlcht-nawtwi«cha nOsalgkaitan zunachat mit zu- 
nehraandem Geschwindlgkaitsgaffilla. d,b, mIt atalganden 
Orehzahlen und nach Bn»\than der hdchsten GescSw^in- 
dlgkalt mlt abnehmendem QeacnwmcHgkaiisaafaW 

ANMERKUNG 5; Auf diesfi Welee laosan «ich Buch 
Ttiixouopla und Bhaopeitle erfessan, eUerdlngs nur 
qualitativ. 

Bal tWxotropen und rhaopaxan FlilMlgkeftan mUwn die 
Prafbedinguagan dan FaaWagungen in der PrQinorm fur 
das JewaOiga Produkt entsprachan. 
Vor ladar Masaung muB dia Proba im VJakoolmatar ^usrel- 
chend Zait haben. demit eld* aina vorhandena ihixotrope 
Struktur wlader ainatallan kann. Dia arloKlarliche Zeit 
hangt von dar Art dar Probe ab, 

Zalgen die afagelasanan Werte bal atalgandam und lallen- 
dem Gaa^hwilndlgkaiteaetfiMe nur zufailiga Streuungan. 
ktinnan ate gamlttalt warden. Wann aIn ^atarnatlschar Un- 
taraohiad baobachtat wlrd, wia belaplalawaiae bai thficotw- 
pan Syateman, mQssan beida Warta ongoflaban warden. 

6.4 DuntifOhrang 

Fallfi durch die Prufnom furdasjaweHlgB Produkt nicht an- 
dare l^atgalagt. die viskoait&t dralmai, Jawaila mlt einar 
nauan Probantnenge, nacsft Anhang A odar H bestlmm n. 
Auawartung dor viakositatemaaeungan ?iaha Anhang A 
und B. 

Wonn dia VIskOBltat a?na» boatlmmton Produktes bai unter- 
schiedLichan Tempararturen zu beatlmman let. die FliaB- 
kurvB bai fader Tamparatur mlt daraalban Probanmange 
bestimman. vorauagasalzl, daB das gawahlta MaBsyatam 
Obarden gesafntenTamperaturbafaloh anwendbar 1st <dte 
Tamparaturabhanglgkalt dar Vbkosltfit kann dl Wrwen- 
dung ainaft anderen MeBsyatama arfordarttch machan). 
wiadarholungameasungan mit etnar nauwi Probanmange 
duiahfuhren. und dia >ft8ko»itat zunachat bal stafgenda^^ 
und danach lallenden Tamparaturan beatlmman. 
Vor Jader nauan Massung solfta die Pn>ba im ViskOOJmetar 
die arfarderikiha Yamparetur anganomman haben. 

7 Auswartung 

Die Viskoaltat in Pa-a anhand dar In dar Betriebsanleh 
tung angagatianan QIalchungan odar dar Tabafien bZW- 
Nomogramma fur daa MlaBgaftt berechnan. Aga dan Wai- 
tan dar drai Mawingan dan arfithmatlachan Mittaiwart 
barechnen. 

Zkoamman mit Viakceit^tewertan dia Tamparatur und das 
Oadchwindlgkaltagemila in Klammam ana»ban,z.B. 

i7<23*Ciaoo B-»>-4^BPa^e 
Wenlen VteKOSi^tawoil Mi untefacWadRchen Tamparatu- 
ren und Gasctiwlndlgkaltsg f&Dert gamaaeaa dte MaB- 
weria zur Dar^aiiung dleeor BarfBhungen graphtech auf- 
trogen. 
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8 PrOffbericht 

Dar Prufberlcht muB tetoende Angaben enthalten: 

&) Nummer und Auagabelahr dleser IntamaDonaten 

Norm; 

b) alio Elnzelh^iten, die zur ldantffl£)«rung dsa fleplrQ^ 
ten Materials notwendig dtnd: 

c) Datum der Probenoltm?; 

d) Pruftemperaiuf In 'C; 

e) EirlZdIhoiten awr Vartsereltung dar Probe; 

f> Beschfeibung des MaBsystems des Bngewsndaten 
Vlskoslmatars; 

g) RteBkurvB aud afton Wart^n fur dia Schiifaspan^ 
nung r In Pa und dan zugehdrtgan GesdiwiMlgkeltQ- 
gefAtfan y In ar^; 



h) bal Etnpunkunasattrtg n den VMovltitswert, w- 
aammen mJt dar TAmparatur und deni Caschwindig- 
kaltageffilla, bal danen dia Baoifnnmuno durc^o«f^ 
wurda (aleha Abachnitt 7>; 

bdl thbcotropan und rheopaaton noaalgkalton die 
MaflbBdlngungan, z-B, Vetwailzaltan und gesamta 
8charb«art«pruohuno: 

1} MaBzalien <d. ti. di» Zelblauar, dla nach dam Errel- 
Chen dea gefordartan Oeschwindlgkelteoaf^la^ bi» 
zum Abtaaon varatraloht); 

K) Einzatwarta der Vlskosttfitamaaaunga n In Pa - s bzw. 
in mPa - a und ihra ariUimatlAChan Mittalwerta; 
I) von diaser Norm abwelchende varainbarta Prufba- 
dingungan, z.B, Maftayatema mit andaren Abmessun- 
gan; 

m) PrCHdatunu 



Antiang A (normativ) 
VUkoslmotar mIt komlnlan Z^llndam 

A.1 Sy&tambeschrvibiing 

Das MaBByBtom basteht aus ainom Becherfd. h.dam untan 
gescriiosfianan AUftanzyHndeO und einam innenkttrper 
(d-h. dem inneren Zyllnder iiiit s^haft wia In Btid A.1 dar- 
gest««l), Oer Innanke^par kann ate Rotor dianen und dar 
Becher als Stator, od«r umgekehrt. 

A,2 B9r9cluiungfl¥Wtahi«n 

Obar den ringfannlgen Querachnitt von AotatiOrt^ViakD&J- 
matam mit koaxiaten Zyllndem aJnd dia Schuiwpannung t 
und d39 Gaschwindigkeltsgefatia y nicht konstant, sOndarrt 
nehman von tnnan nach auBen ab (Saarla-TVp odar umoa- 
kehrt Oouatta-iyp)- DarCiberhlnaus hflngt die Varllnderung 
von r auch van dan rheoiogia&han Eioanachafton dw g^- 
prOften Materials ab. 

m OhHch.T und y als "r^prttaantaUva- Werta ^) zu barach- 
nan. dis nichi an der Oberfiadie daa MeB^yrteiT^s aaibat 
Quftieten (d. am guSaran Radius r. odar am Innaren 
Radius Tj), sondern an ainam baatimmten gaomotrlaohan 
Ort inndrbdlb doa MaBapaltB. Es wurda nachgawiesen <90- 
wohl theoretisch als ftuch oxperiFnenteli), dafl dia nach 
dan Gleicbungen (A^) und < A^) beiechnalan raprllaantath 
von Warie xrcp und jf^rep ^ StrfimungsvarlTaltan von allan 
Russfgkaitan, die oinam Potanzgaaatz folgan (Oatwald - 
da wadia>p TUr etnen Exponanten Un Baraich von 0,3 bis 2^ 
In sehr gutar Annfiherung baschrelban. 
Die Schubspannung In Pa wird nach dan aietefmngon (A,1 ) 
und (A^) BUS dam Orehmomant M barachnat das am 
inneren Zylindar (Radius n) odar am ftuBerm Zylindar 
(Radius gemeaaen WUrdo.Dlaaa ba*dan Radian warden 
in m angageb n. 



Ti - 



M 



(A,1) 



1 +fi 



X Ti 



2 



<A.2) 



Hiorin t>odautaa zusfitzlich zu den vorstahend arwShntan 
QrbBan: 

M Drahmoraent In Mm; 

S Verhfiltnis das Radius dea AuBanzyUndecs 2um 
Radius das tnnanzyllndara: 

L Langa. in m, dea Innaren ZyHndara; 

Cu Faktor fflr die Sttrnnachankorraktur, cjar daa 
en dan EndflSchan das MaBsyatama wlrkanda 
Drehmomant b«rucKdlchtlgt (diaaar Komk- 
turfaktor hftngi von dar Gaomatde das MeB- 
systema und von dan fbaolDglachan Elganscbaf- 
ten dar RQsaitfkatt ab und muB fOr (edan lyp dar 
MaBgaomairia exparlmentell bastlmmt war- 
dan). 

Das rapr^aentativa GaschwindigkeitsgaWla, In 8~\erglbt 
sicb aus 

wobel 6) dia Winkalgaaclmindigkait in nad/a iat 

Wbnn dJa Dratizahl n tn mih^^ angagaban wIrd. arglbt aioh 



2im 

"eo 



.sD,1047n 



1) Slaha Gleaakus. H.und Langar. Q.: Bastlmmung derwab- 
ran RIaBkurwari von nlcht^ewtDnacrfian FiUsslgkalten 
und KuratstoWan nacti dam Wrfanren dar repr^ntafth 
van Vtskoaltat. Rheoiogica Acta is (iarr)r Mr i , s. 1-22. 
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A.3 StaiutaKlgooiiwtfla (xioho BUd A.i) 

DBn Abmessungen dl«s«A auf ein beoUmmtes VteKOTlmator abgestlmmlen M«fl«ystmis liog^n die fotgenden VerhftitnisBB 
zugnindo; dim stsllsn fiir alio Snoateborotcho und alta Qrundoarfiit •In geonralri&Ch dnnlictted F(leBfel4 slOhan 



0 - 



— -1»0847 



— = 3 



— -1 



»a3 

,120- 



I 



1 

ri Radius dofi InnonzyllndeFSj 
r, Adctiua deft AuBenzyNnd«rs; 
Ft Radius dos Schoftoa: 

a Offttunoflcwinkel de9 K99«l« auf dar Untorselte des 
InnemylinderB 

ANMERKUNQ 1; DarKos9l am untersn Ende des Innenzyllndars vrtoichtart daa Eirtftihron das Zynndera In d n mit 
der RuflsigWen gafClllton B«chBr«ahna daB Luftblaaen entatehsn. 

ANMERKUNC 2: Kdoxiate ^irndardyateme orfbldern oim wpnua Anpaasutig dar Achaen von Innen- und AuBan- 
zylinder 

61M Ai1« Ko«i)Mplu Zynitdarayatam mIt Stendanlgaonwtri* 



Verhaitnlfi der Rfufim vqn Ai4Bfln- und Innenzylinder; 
L&nge d«a ^n^nzyiinders; 

Abstand zwlM^an dar lintarkante des Innenzyllndera 
und dsm Baden dea Aufiartzytindarfi; 
eintauchende S(;haftian^; 



Doa Voiumen der P»be h&igt nur vofn Radlw dea Innan- 
zyllndars n ab und ist dur^ folgande Glelchung gegeban: 

V=^B,17ff (A>H 

Fttr MeSsystame riK dieser Startdardgeometrie tet der 
Stirnflfiohenfaktor Cl unabhangifl vom Radiiia rj. Fttr now- 
tonacha naaalgketten wurde iUa emplriachar Wert fCir den 
Btirnflachenfakter 

gefunden. FQr nlcht-newtonache RQaslgkaiten iat Cl r^tcht 
Konatant aotidern hSngf vom OeachwindigkaiteoafAiia p 
und den riieotogischen Elgenachafton dar Ruwlgksit ab. 

ANMERKUNQ 6: FarRtrukturvMcoseROat^gteitan 
kann Cl bal beslimrnten QesctiwMtgke)tdgef&ltan 
Wiorte blszu 1«2aiTBlchsn.RlrpIaati8^aRQaaiokai' 
ten, die eine pneBgrenza aufwalaan. wUtdan bet 
gerlngen SchemeachwIndJgfkaltan CL-Werte bla zu 
1,28 gefundan. 

Mil Cl — 1,10 (newtonacli HOsalQMaflen) und 6^ =»= t.iTe 57 
und rKp»o>925*ri^ 1,088 -T» rgebanslchdl fdtgenden 
Zahl mvertglalchungafi, wenn die reprfiaemtaftlve Schub- 
apannung In Pa, das Drehmoment M In M • m.daa rapra- 



aantattve Geachwindlgkeltagataiia pf«p in a^^ und die Wln- 
keloedebwlndloketl In rad/«i der innere Radiua ri In m und 
die Dratizahl n In mln^ angegaban warden: 



M 

Prep 1^3^ ^ - Ip^l n 



tA.ei 

(A-6) 



A.4 Andere MeBooometrien 

1st aua baatimmtart C^njndan die Anwendung derStandanJ- 
geonnetrle nicht rnQgllph^M^nnen MeBaysteme mIt anderan 
Abmeasungen gawahit warden. Damlt die Berechnungaver- 
fahren nach angewandet vrardan kannen» mUaaen die 
felganden Sedingungan erfOOt sain: 

n 

rj 

L' 
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Oar Stimftachenfaktor Cl nlittmt O^^r^^r d«r Standard* 
gaomotrie andw^ (mel^l hah«re) Warta &n. 

ANM&RKUNG Bn ongar Ma0«p«tlp z. B. ^ ^ 1^ 
stent sidier, tfaS das elnfachs und laJcht zu barech- 
nonde Konzapt dar rapittaantotiven Vtstositflt oin 
outa AnnfihArung darsteltt Es hat ateh gazelgl, dad 
die repr&saniativB Vi&kaaitSt bei entfiprechendem 
Qa&clMvindl0kalte99faU9 aJch nur 0ar1ngfCio>fl vom 
wahran Wart untarachaldat <^ 3,5 <H»). Fttr dia Stan- 
dardgaoniatrw iat daf Fehtar [m allgemelnen viel 
klalnar. 

A.5 AuafwartiuiD 

Dta arr) MafigarSt at»galaaanan Dralvrtofnentwaita inYd dia 
entspiBChandan Werte f Dr die Orehzahl n In aJnam Unaar 
gatatlten rachtWinMIgan Koordinaftflnsyatem auftragen. 
Durch dia Mefipunkte aine Ausglstchnkurve lagen. Aua der 
Kuive Wartepaara fUr daa Drahrncunant und <fia Drahzahi 
ablasan und diase nach dsn folgenden Giaichungan in die 
antsppachandan Warta fQrSchubapannung und Gsfichwin- 
dlgkeltagafaila umwandaln: 



Glatchung oder (A.G) fOrdleadiiibapafwiuno r; 
GtoiGhung (M) odar (AS) fQrda^ Gaacliwindlgkaita- 
gaiaila y, 

Wvin mafliich,dia warta von t odarp GO auawfihian. da6 ala 
aina geomatrlacha Raihe blldan. Durch Auftragen dar 
Wartapaare arhfilt man die Kurve r 
1st dfasa FHaBkufve aIne Garada, die dun;h den Nullpunkt 
daa Koordlnatenoyatams gaht dann icann dfa VIskoaitat mrt 
ainam eirrzigan Zahlenwert, berachnet aus dar Stelgung 
diasar Garadan, d. dam Qudtlamart zfy jedaa MeSwerta- 
paaraa (r, f), angagaben weidan, 
Statu did FllaBkurva kalna Gerada dan ao kannan antapra- 
chanda Warta fUr r und y abgalaaan warden, Der Ouotiant 
vfy kann dann gagan r odar f als von dar Scbubapannung 
bzw. vom Qeachwlndigkeltagafttlla abbttnglge ViskoaJtttt 
aofgatragaft warden [Viakoaftatokurva lyCt) odar ^iyil. 
Alia Mas- und Racbanwart a auf drei wertanzaigande zif- 
fam garundat angaben, z.B. 

y ^42.66'^: //-Oi318Pa-a 
T- 13,6 Pa: 9-23,0*C 



Anhang B (normativ) 
|^el/PlatUK$yat*m 

B.1 SystembrachrBlbuilg 

Dao MaSayatAin beataht aus afnam roliarafidan Kegel mit 
Schafft und einer fasten Platte <aJahe Bild B.I) 

Dar Wlnkel a zwischan dam Kegel und der Platte muB mdg- 
llchfit klain, vorzugawatoa ntcbt grOBerala I'und auf kaioan 
Fall grfifiar afs 4' satn. Batffigt diasar Wbikel mehr ala ^\ ist 
died rm Prufttaricht anzugaban. Dar Vortall dea Kegel/ 
PlaHB-Sysfeams Is^ daB fOr aolche kletnen WInkeJ daa 
Geschwindigkaitagafalta Obar den konlachan Spall ala 
konatant angaaahan warden kann. 



m 



1- 



'-'///////•//////M/y///// 



B«iechmino«v«rfAhrafi 

Wann 9 s 0.05 rad (d- h. <x s 3^ lat kfinnan die folgandan 
GlelchunganfOrdle Beracbnung derdctiubspannurtgrurtd 
daa QaachwlndlgkeltagalBKea y angewendet warden: 

3M 



2jir» 



^■7 



(B.2> 



Blld B.1: Geametrfa 



Keoel/Ptatte-Byatani* 



Hlerln badautan; 

W Drahmamaiit In N • m: 

r Radiua. in m. daa Ksgaia; 

0 Wlnkai. In radl» zwiachan Kagal und Platte 
(1rad-16Cl*/s}; 

«» Winkelgeai^wlndlgkelt, In rad/a. 
Um Baibuno ru varmaldani die durch Kontalct zwtschan 
Kegel und Platte entataht* KGnnan abgastumpfte Kegel 
varwandat warden- Soictia Kegel kflnnen audi varwandet 
warden, wann die Probe Fealatolfteilchen enthAli 
Bel Kegal/Platte-Syatemen muB die Kegelachiw exakt aank^ 
rectvt zur Platte auagartebtat aala Ebanao muG dar Kontakc- 
punkt zwischan Kegel und Platte genau aSngeateUt aein (odar 
ganaua ^installung daa Spaltea bai abgaotumprtan Kegain). 
Famar Ist wtohtig, daB dar Spatt zwifichan Kagal und Platte 
voHBtandig gafQUt Ist (wader ttttarfUttan, noch unterfUUen). 

ANMERKUNG 8: Ea ist ZU baachten. daB ali^ die 
Spoimraite rflit <lar Ternperatur &ldart. 
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d«flntart«m CQBc^iwIndlskARsgaflUIs 
<I50 aai Q : 1fl93) OfluUcto Fa rounfl EW ISO 0219 ; 1B94 
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ICS 83.000.00 

Deskriptonan: Kunststoll, Polym r. HarZi Vt&kOAitiitBmasaung 

Plastics « Potymsrs/fBslns In the liquid stale or as emulAkma or dispersions — 
D^tarmlnBtion of viscosity using a ratatlonaT vlscometflrwnii defined ^sar rate 
(fSO 3219;1993): 

Oerm^n v^r^ion EN ISO :1S94 

Ptastiques — Polym^res/rtslnes h \'6taX liquicto. an 4ifiuision ou en dispersion -* 
Ddterminfitlon de la vtocoett6 au moyen <fun vieeomdtre rotatlf d gradient de 
Vitesse de clsalllement d^lff^ 
(ISO 3219:1993): 

Version allemande EN ISO 32t9:1994 



Die Europtflscha Nona EN I90 3219 £1M4 hst dan Status tfmr Drat- 
schm Norm. 



NatlonalM Vorwort 

Dlese Europ&lsokie Norm fsttt in den Zustandiake^beretch des TechAischen Komiiees 
CEN/TC 139 **Laotce und Anstrlchsioffe** (Sekrotariat: Ctoutachland). Die Ifir zuonindor 
llegende rntsfnailonale Norm ISO 32i0 wurde vom ISO/TO 31, Piaetlcs. SO S. Physlcah 
ohemhoal iHropenles, In Zusammenaitoett mtt dem iSO /TO 45^ Rubber end rubber products, 
und dem tso/TO 35^ Paints and varntshes, ausgearbeltet 

Fiirdie im Absctinitt SzttJerte Internationale Norm wtrd Imfolgenden auf die entsprachende 
Deulschfl Norm hingewlesen: 



ISO 291 



Sachlteh In DIN 50014 enttialten. 



Natlonttlar Anhang NA (infbrmativ) 
Utenrturhbiwelee In neUonalen Ziwitzen 

DIN 50014 Kfimste und ihre technlsobe Anmndung — NormalklSmafte 
Intarnatlonala Patannaaasinkatian 

C 08 J 003/02 
Q 01 N oiim 



Fartsetzung 6 Selten EN 



Normer^useohufi Anstflchstoffd und dr^nii^e eeschlchtungsatotfe (FA) Im DIN Deutsche* LnstUut fClr Normung e.V. 

NormenausschuS Kunotstofto (FNK) Im DIN 
NormeruiussGhuB MatertalprOfOng (NMP) Im DIN 



BASF-AUfengeee(iechSft Technlsche Delciimftntatten und WhMteAieter B3 

67059 Uidwigshsfen Btsndsrdlslarung ¥»ivto«»|wwh w 



O OIN D«titBch8B Inslttui lUr Normung acV. • JmIb Aft «lar VkrvtotUtUauna uu^^i aiMCUffmrnlra, ffel Nr. DIN BN ISO 32^9 ; 1904-iO 

fUif Mil d*fl«hjni9urtg 4m DIN DftUttchM bi«Utut Kir Nomkvne *>V, B*rflp^ gwlattst PmiaQtL <7T Wfuv-AA: 

Alt«mv«rteul 4w Wwnitn doftli ©«rth VBrtaq Qmba «ff72 e«ttn Vsrvlslfseftlguna ISUl DtN-Uevtttatt 3 
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F reword 

This European Standard was taken over by the CEN/TC 139 "Paints and Coatings" from the work of the 
ISO/TC 61 "Plastics" of the "International Organization for Standardization" (ISO). 

This European Standard must receive the status of a national standard, either by publication of an 
identical text or by recognition, by February 1995, and any national standards that contradict it must be 
withdrawn by February 1995. 

In accordance with the CEN/CENELEC regulations, the following countries are required to take over this 
European Standard: 

Belgium. Denmark, Germany. Finland. France. Greece, Ireland, Iceland. Italy, Luxembourg, the 
Netherlands. Norway, Austria. Portugal. Sweden. Switzerland, Spain, and the United Kingdom. 

Recognition Notice 

The text of the International Standard ISO 3219:1993 was approved by the GEN without any changes. 

1 . Area of Application 

This International Standard establishes the general principles of a method for measuring the viscosity of 
polymers and resins In the liquid, emulsified, or dispersed state (Including polymer dispersions) at a 
defined shear rate, using a rotation viscosimeter with standard geometry. 

The relationship between shear stress and shear rate is determined by viscosity measurements 
according to this standard. The results that are obtained according to this standard, using different 
devices, are comparable and relate both to devices that are controlled by shear rate and those controlled 
by shear stress. 

2. Standard-related Instructions 

The following standards contain determinations that are a qomponent of this Intemational Standard, 
based on references in this text. At the time of publication, ail Itie editions indicated were valid. All of the 
standards are subject to review at regular intervals, and parties whose agreements are based on this 
Intemational Standard are requested to use the latest editions of the standards listed below. If possible. 
The members of the lEC and the ISO have current listings of the valid Intemational Standards. 

ISO 291:1977 

Plastics - Standard atmospheres for conditioning and testing 

3. Principle 

The viscosity of a liquid sample is measured using a rotation viscosimeter with defined equipment 
parameters. The rotation viscosimeter permits simultaneous measurement of the shear rate and the 
shear stress. 

The viscosity r| is defined by the following equation: 



[see original for equation] 
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wKere 

X = shear stress. 
= shear rate. 

According to the international Unit Systenn (SI), the unit of dynannic viscosity is the Pascal second (Pa - s): 
[see original for equation] 

NOTE 1: The equation symbols agree with ISO 31-3:1992, Variables and Units - Part 3: Mechanics. 

NOTE 2: If the viscosity depends on the shear rate at which the measurement is performed, i.e, 
[equation], the fluid demonstrates non-Newtonian behavior. Fluids whose viscosity is independent of the 
shear rate demonstrate Newtonian behavior. 

4. Device 

4.1 Rotation VIscosimeter 

4.1.1 Measuring System 

The measuring system must consist of two fixed, symmetrical, and coaxial surfaces, and the fluid whose 
viscosity is to be measured must be brought between them.^ One of these surfaces must rotate at a 
constant velocity (rotor), while the other is fixed in place (stgtor). The measurement system must be 
composed in such a way that the shear rate can be determined for any measurement. 

A measuring device for the torque must be connected with one of the surfaces, in such a way that the 
torque at which the friction resistance of the fluid is overcome c6n be measured. 

Suitable measuring systems are. among others, systems with coaxial cylinders or cone/plate systems. 

The dimensions of the measuring system must be established in such a way that they fulfill the 
requirements established in Appendices A and B. These requirements are selected in such a way that a 
geometrically similar flow field is ensured for all types of measurements and all the usual basic types of 
viscosimeters. 

4.1.2 Basic Dovice 

The basic device must be built in such a way that it can hold different rotor/stator systems, generate a 
range of defined rpm's (in steps or infinitely adjustable),* and measure the resulting torque (or 
alternatively, measure the resulting rpm's at a given torque). 

The accuracy of the torque measurement must be ^ 2% of the measurement range end value, the 
accuracy of the torque measurement must be < 2% of the measured value in the normal working range of 
the device. The reproducibility of the viscosity measurement must be ± 2%. 

NOTE 3: Most commercially available devices cover a viscosity range of at least 10"^ Pa • s to 10^ Pa • s, 
on the basis of different measuring systems and torques. 

The range of the shear rates differs greatly, depending on thfe device. The question as to what basic 
device and what measuring system to select depends on the viscosity values and the shear rates to be 
measured. 
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4.2 Device f r Temperature Regulation 

The temperature of the bath fluid in the circulation or the temperature of the electrically healed walls must 
be kept constant to an accuracy of ±0.2 **C in a range from 0 to 50 **C. and to an accuracy of ±0.5 °C 
outside of this temperature range. 

Closer tolerances (e.g. ±0.1 **C) can be required for more precise measurements. 

4.3 Thermometer 

The accuracy of the thermometer must be ±0.05 °C. 

5. Sampling 

The sampling process, including special methods for the preparation of the samples and for filling the 
viscosimeter. must correspond to the determinations in the test standard for the product in question. 

The samples are not allowed to contain any kind of contaminant or air bubbles. 

If the samples are hygroscopic or contain volatile components, the sample containers must be tightly 
sealed, in order to keep the effects on the viscosity as low as possible. 

6. Test Conditions 

6.1 Calibration 

The viscosimeters must be calibrated regularly, e.g. by measuring the torque characteristics or by using 
standard fluids (Newtonian fluids) with a known viscosity. If : the straight equalization line through the 
measured points does not pass through the coordinate zero point, within the framework of measurement 
accuracy, the method and the device must be tested more precisely, in accordance with manufacturer 
instructions. 

The viscosity values of the standard fluids and the sampte(s) io be measured must lie in the same range. 

6.2 Test Temperature 

Because the viscosity is temperature-dependent, measurements must be taken at the same temperature, 
for comparison purposes. For measurements at room temperature, a temperature of 23,0 ± 0.2 ^'C is 
preferably selected. 

Additional details must correspond to the determinations in the test standard of the product in question. 

NOTE 4: During the measurement, heat is produced in the sarriple. In the case of Newtonian fluids under 
adiabatic test conditions, heat development occurs In accordance with [equation]. This results in a 
temperature increase of the sample. 

6.3 Selection of the Shear Rate 

The shear rate must correspond to the determinations in the te^t standard for the product in question. 

It is advantageous to measure all Newtonian products and, in particular, all non-Newtonian products with 
as many different shear rates as possible (at least 4). This depends on the adjustment possibilities or 
programs for the speed of rotation (or the torque for devices that are controlled on the basis of shear 
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Stress) of the basic device being used. In order to be able to record the viscosity as a function of the 
shear rate, in a sufficiently informative manner, the shear rates Used must be very different. 

For a comparison of viscosity values that were determined using different devices, the shear rates should 
be selected from one of the following series: 

1 .00 s"* - 2.50 s"* - 6.30 - 16.0 s'^ - 40.0 s'^ - 100 s"" - 250 s ' 
or 

1.00 s ^ - 2.50 s ^ - 5.00 s ^ - 10.0 s'^ - 25.0 s"^ - 50.0 s"^ - 1O0 
or these values multiplied by 100 or divided by 100. 

If a basic device does not permit the selection of these values, these values for the shear rate must be 
selected from the viscosity curve. 

Non-Newtonian fluids are first measured using an ascending shear rate, i.e. using ascending speeds of 
rotation and, after the highest speed has been reached, using a descending shear rate. 

NOTE 5: In this manner, thixotropism and rheopexia can also be determined, although this can only be 
done quantitatively. 

In the case of thixotropic and rheopexic fluids, the test conditions must correspond to the determinations 
in the test standard for the product in question. 

Before every measurement, the sample must have sufficient time in the viscosimeter so that the existing 
thixotropic structure can be restored. The time required depends on the type of sample. 

If the values read at ascending and descending shear rates demonstrate only random variations, they can 
be averaged. If a systematic difference is observed, such as in the case of thixotropic systems, for 
example, both values must be indicated. 

6.4 Implementation 

Unless the test standard for the product in question states otherwise, determine the viscosity three times, 
with a new sample amount In each instance, in accordance with Appendix A or B. 

For an assessment of the viscosity measurements, see Appendix A and B. 

If the viscosity of a certain product is supposed to be determined at different temperatures, determine the 
flow curve at each temperature with the same sample amount, provided that the measuring system 
selected can be used over the entire temperature range (the temperature dependence of the viscosity 
can make it necessary to use a different measuring system). 

Carry out repeat measurements with a new sample amount, and determine the viscosity first with 
ascending temperatures and then with descending temperatures. 

Before every new measurement, the sample should have acquired the necessary temperature in the 
viscosimeter. 

7. Evaluation 

Calculate the viscosity ri in Pa * s on the basis of the equation$ indicated in the operating instructions, or 
the tables or nomograms for the measuring device. Calculate the arithmetic mean from the values for the 
three measurements. 

Together with the viscosity values, indicate the temperature and the shear rate in parentheses, e.g. 
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n (23 **C, 1600 s'^) = 4.25 Pa s 

If viscosity values are measured at different temperatures and shear rates, graphically plot the measured 
values to show these relationships. 
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8. TestR p rt 

The test report must contain the following information: 

a) Number and publication year of this International Standard; 

b) all details that are necessary to identify the material being tested; 

c) date of sampling; 

d) test temperature in **C; 

) details concerning preparation of the sample; 

f) description of the measuring system of the viscosimeter being used; 

g) flow curve of all the values for the shear stress x in Pa and the related shear rates [symbol] in s"\ 

h) in the case of single-point measurements, the viscosity value, together with the temperature and the 
shear rate at which the determination was performed (see Section 7); 

i) in the case of thixotropic and rheopexic fluids, the measurement conditions, e.g. dwell times and total 
shear stress; 

j) measurement times (i.e. the time period that elapses after flie required shear rate is reached, until the 
reading occurs); 

k) individual values of the viscosity measurements in Pa • s, or in mPa • s, and their arithmetic means; 
I) agreed test conditions that deviate from this standard, e.g. measuring systems with different 

dimensions; 
m) test date. 

Appendix A (standard-related) 
Viscosimeter with coaxial cylinders 
A.1 System Description 

The measuring system consists of a beaker (i.e. the outer cylinder, closed off at the bottom) and an inner 
element (i.e. the inner cylinder with shaft, as shown in Fig. A.1). The inner element can serve as the 
rotor, and the beaker as the stator, or vice versa. 

A.2 Caiculatlon IVIethod 

The shear stress t and the shear rate [symbol] are not constant over the ring-shaped cross-section of 
rotation viscosimeters with coaxial cylinders; instead, they decrease from the inside to the outside (Searle 
type or, conversely, Couette type). Furthermore, the change in [symbol] also depends on the rheological 
properties of the material being tested. 

It is usual to calculate t and [symbol] as "representative" values^\ which occur not at the surface of the 
measuring system itself, (i.e. at the outer radius rpuefliue symbol] or the inner radius n), but rather at a certain 
geometric location wittiin the measurement gap. It was provfen (both theoretically and experimentally) 
that the representative values x^ep and [symbol]r0p calculated according to Equations (A.2) and (A.3) 
describe the flow behavior of all fluids that follow a law of powers (Ostwald - de Waele) for an exponent 
in the range of 0.3 to 2.0, with a very good approximation. 

The shear stress In Pa is calculated from the torque M. which yvas measured at the inner cylinder (radius 
n) or the outer cylinder rpue^Me], in accordance with Equatioris (A.1) and (A.2), These two radii are 
indicated in m. : 



[see original for Equations A.1 and A.2] 
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In these equations, in addition to the variables indicated above: 
M torque in Nm; 

6 ratio of the radius of the outer cylinder to the radius of the inner cylinder; 
L I ngthoftheinn r cylinder in nn; 

Ci factor for the face surface correction, which takes the torque that acts on the end surfaces of the 
measuring system into consideration (this correction: factor depends on the geometry of the 
measuring system and on the rheological properties ^of the fluid, and must be determined by 
experiments for each type of measurement geometry). 

The representative shear rate, in s"\ results from 

[see original for Equation A.3] 

where a> is the angular velocity in rad/s. 

If the speed of rotation n is indicated in rn'\n\ this yields 

[see original for equation] 



1) See Giesekus, H.. and Langer, G.: Bestimmung der \wahren FlieBkurven von nicht-newtonschen Flussigkeiten und 
Kunststoffen nach dem Verfahren der reprSsentative Viskositat [Determination of the true flow curves of non- 
Newtonian fluids and plastics according to the method of representative viscosity], Rheologica Acta 16, (1977), No. 1 . 
p. 1-22. 



j 
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A.3 Standard G ometry (s eFig. A.1) 

The dimensions of this measuring system, which are coordinated with a specific viscosimeter. are based 
on the following relationships; these ensure a geometrically similar flow field for all areas of use and all 
basic devices: 

[see original for equations and diagram] 

5 ratio of the radii of the outer cylinder and the inner cylinder; 
L length of the inner cylinder; 

U distance between the lower edge of the inner cylinder apd the bottom of the outer cylinder; 
L" length of the shaft that is submerged; 
n radius of the inner cylinder; 
r[iitefl]b(e| radius of the outer cylinder; 
rrdtegiwe] radius of the shaft; 

a opening angle of the cone on the bottom of the inner cylinder 

NOTE 1: The cone at the bottom end of the inner cylinder facilitates introduction of the cylinder into the 
beaker, which is filled with fluid, without causing any air bubbles; to occur. 

NOTE 2: Coaxial cylinder systems require a precise adjustment of the axes of the inner and outer 
cylinders. 

Fig. A.1: Coaxial cylinder system with standard geometry 

The volume of the sample depends only on the radius of the inner cylinder n and is determined according 
to the following equation: 

[see original for Equation A.4] 

For measuring systems with this standard geometry, the face surface factor Ct is independent of the 
radius n. For Newtonian fluids, the empirical value found for the face surface factor Cl was 

Cl= 1.10. 

For non-Newtonian fluids, Cl is not constant, but rather depends on the shear rate [symbol] and on the 
rheological properties of the fluid. 

NOTE 6: For stmcture-viscous fluids, Cu can reach values up to 1.2 at certain shear rates. For plastic 
fluids that demonstrate a flow limit, Cl values up to 1 .28 were found at low shear rates. 

At Ct = 1.10 (Newtonian fluids) and 5^ = 1.17657 and = 0.925 [illegiblel 1.088 [illegible], the following 
numerical value equations are obtained, if the representative shear stress Trap is given in Pa, the torque M 
in N * m. the representative shear rate Fsymbol] in s'\ and the angular velocity in rad/s, the inner radius 
n in m and the speed of rotation in min' : 

[see original for Equations A.5 and A.6] 

A.4 Different Measurement Geometries 

If the use of the standard geometry is not possible for specific reasons, measuring systems with different 
dimensions can be s I cted. In order to be able to use the calculation methods according to A.2, the 
following conditions must be met: 

i 

I 
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The face surface factor Cl takes on different (mostly higher) values as compared with the standard 
geometry. 

NOTE 7: A narrow measurement gap, e.g. 6 ^ 1.2, ensures th^t the simple and easily calculated concept 
of the representative viscosity represents a good approximation. It has been shown that the 
representative viscosity differs only slightly from the true value at a corresponding shear rate (< 3.5%). 
For the standard geometry, the error is generally much smaller. 

A.5 Evaluation 

Plot the torque values read off on the measuring device, and the corresponding values for the speed of 
rotation n on a rectangular coordinate system, divided in linear manner. Place an equalization curve 
through the measurement points. From the curve, read off pairs of values for the torque and the speed of 
rotation, and convert them to the corresponding values for shear stress and shear rate, in accordance 
with the following equations: 

Equation (A.2) or (A.6) for the shear stress t; 
Equation (A.3 or (A.6) for the shear rate [symbol]. 

If possible, select the values of t or [symbol] in such a way that they form a geometric series. The curve 
[equation] is obtained by plotting the pairs of values. 

If this flow curve is a straight line that passes through the ze^o point of the coordinate system, then the 
viscosity can be indicated with a single numerical value, calculated from the incline of this straight line, i.e. 
the quotient [equation] of each pair of measurement values (t, [symbol]). 

If the flow curve does not represent a straight line, corresponding values for t and [symbol] can be read 
off. The quotient [equation] can then be plotted against t or [symbol], as a viscosity dependent on the 
shear stress or the shear rate, respectively (viscosity curve ti(t) or r|([symboi]). 

Ail of the measurement values and calculated values should bd indicated rounded off to three places, e.g. 
[see original for equations] 



Appendix B (standard-related) 
Cone/Plate System 
B.1 System Description 

The system consists of a rotating cone with a shaft, and a fixed plate (see Figure B.1). 

The angle a between the cone and the plate must be as small as possible, preferably no greater than 1°, 
and in no case greater than 4'*. If this angle is more than 1^, this must be indicated in the test report. 
The advantage of the cone/plate system is that the shear rate above the conical gap can be viewed as 
constant for such small angles. 

[see original for diagram] 



Figure B.1 ; Geometry of a cone/plate system 
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B.2 Calculation Method 

If a < 0.05 rad (i.e. a < 3**), the following equations can be used to calculate the shear stress t and the 
shear rate [symbol]: 

[see original for Equations B.1 and B.2] 



In order to avoid friction, which comes about by contact between the cone and the plate, blunted cones 
can be used. Such cones can also be used if the sample contains solid particles. 

In the case of cone/plate systems, the cone axis must be aligned precisely perpendicular to the plate axis. 
Likewise, the contact point between the cone and the plate must be adjusted precisely (or precise 
adjustment of the gap in the case of blunted cones). 

Furthermore, it is important that the gap between the cone and the plate is filled completely (neither 
overfilled nor underfilled). 



Here: 



M 

r 

a 



torque in N • m; 

radius, in m, of the cone; 

angle, in rad, between the cone and the plate (1 rad = ISO^/n); 
angular velocity, in rad/s. 



NOTE 8: It must be noted that the gap width changes with the temperature. 
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